The present study deals with the contribution of the surface atomic layer to the specific heat of nanocrystals. In the case of small phases with comparable number of bulk and surface atoms, the variation of heat capacity with respect to that of infinitely large phase is significant. To evaluate this variation, in the framework of the classical Debye model, we introduce surface excess heat capacity that accounts for the surface layer contribution. On that physical background, we draw a functional dependence of the specific heat of nano clusters on the number of their bulk and surface atoms and corresponding bulk, D T , and surface, S D T , Debye temperatures. Since S D T depends on the crystallographic orientation of the surface, the presented model also accounts for the symmetry and atomic density of the respective crystal faces of the nanocrystal.
Introduction
Production of nanocrystals in large quantities is a challenging problem of contemporary material science [1, 2] . Nanosized materials often exhibit exotic properties, not achieved by their bulk counterparts [3] . Examples of potential use of nanocrystalline glass-ceramics are ferromagnetic materials [4] . They find applications in ferro-fluids as well as for medical technology [5] .
The size effects can change significantly the properties of small, finite sized phases from these of the infinitely large system. Thermodynamically, this deviation is accounted for by considering the role of the dividing surfaces. On that physical background, we demonstrate the contribution of the surface atoms to the specific heat of nanoclusters. The results are based on the recently proposed model of finite size effects on heat capacity [6, 7] .
Extensive experimental studies reveal a larger mean-square displacement of surface atoms compared to that of the bulk [8] . The creation of a free surface and broken symmetry leads to significant reduction of the total forces affecting atomic vibrations, both normal and parallel to the surface. Therefore, the heat capacity of cluster with comparable number of surface and bulk atoms should differ from that of the large system. In the framework of classical Debye theory, here we consider the heat capacity of n-atomic cluster having B n bulk and, S n surface atoms S B n n n + = . We assume that the atomic heat capacity C V of n-atomic cluster is an additive function of bulk 
n n B and n n S being the relative number of surface and bulk atoms of the cluster. This formal separation allows the nanoscale size effects, acting on atomic clusters, to be evaluated by simple experimental measurement of corresponding Debye temperatures.
The Role of Surface Debye Temperatures
Following the Debye model of heat capacity, the basic equation for V C is expressed as: 
is an additive function of bulk and surface terms and therefore from Eq. 2 it follows:
The above general expression for  
has the essential feature to distinguish between bulk and surface Debye temperature contribution. It is important note that being a subject of large number of studies, both D T and S D T are experimentally assessable quantities [8, 9] . Therefore, the existing experimental data ( 
Discussion
The essential difference between bulk phases and nanoclusters originates from the role of surface. As a result of broken symmetry and significant reduction of the local forces, the atomic vibrations of surface atoms are strongly affected. The larger mean-square displacement of surface atoms compared to the bulk is clearly manifested by the ratio of surface and bulk Debye Following Eq. 3, we can write also an expression for "excess" heat capacity, in terms of Debye model for finite size phases considered here. This excess heat capacity is defined as a difference ( )
The the deviation of heat capacity is clearly pronounced, as it is manifested on Fig. 1 . The relative increase remains significant even for n = 10 5 atoms where the variation of the heat capacity of natomic clusters phase is larger than 1% with respect to infinitely large phase. The important difference
atoms, or nanocrystals with cubic shape and 150 atoms in edge. It is important to note that observed enhancement of heat capacity is in good agreement with experimental findings, [10] [11] [12] .
In the present report we also discuss the anisotropic case related to the nanocrystals with variety of crystallographic surfaces. Let us note that Eq. 3 reflects the isotropic approach, i. e. S D T does not depend on the crystallographic orientation of the clusters faces. At atomic scale, the nanoclusters are shaped by number of surfaces, each of them with different surface energy. Therefore the model has to account for surface anisotropy. This refinement is demonstrated in Eq. 5 where the sum reflects the respective Debye temperatures. being the total number of surface atoms of the nanocluster.
Following Eq. 5, the specific heat of system consisting of cubic faced (100) nanoclusters differs from that faced with octahedral (111) faces, Fig. 2 
Conclusion
The present study reveals in the framework of the classical Debye model, the contribution of surface atoms to the specific heat of small, finite size phases. For systems with comparable number of bulk and surface atoms (atomic clusters, nanocrystals and ultra thin films) we demonstrate significant deviation of heat capacity of the finite size phase from that of the infinitely large phase. This deviation is due to the contribution of interface energy of clusters trough the larger meansquare displacements of surface atoms compared to these in the bulk. The suggested model opens up a way to predict the heat capacity of nanocomposite materials directly from accessible experimental data for surface, s D T , and bulk, D T , Debye temperatures.
